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•  For	  each	  of	  the	  three	  trials,	  three	  loca/ons	  were	  determined	  in	  the	  
Sustainable	  Demonstra/on	  Garden	  (SDG)	  that	  were	  >	  45	  cm	  from	  plants,	  
appeared	  undisturbed	  and	  were	  adjacent	  to	  a	  sidewalk.	  	  
•  Mulch	  was	  moved	  to	  the	  side	  and	  a	  narrow	  10	  x	  80	  cm	  trench	  dug.	  	  
•  GS3	  soil	  moisture	  sensors	  (Fig.	  1)	  were	  inserted	  into	  the	  soil	  at	  15,	  30,	  45	  
and	  60	  cm	  increments	  from	  the	  sidewalk	  (Fig.	  2).	  	  
•  The	  soil	  was	  then	  replaced,	  uniformly	  compacted	  to	  the	  surrounding	  soil	  
surface	  and	  remulched	  (Fig	  3).	  	  	  
•  Sensors	  were	  installed	  on	  August	  	  9,	  2013,	  and	  moved	  in	  two	  month	  
intervals	  on	  October	  17,	  2013	  and	  January	  23,	  2014,	  represen/ng	  three	  
trials.	  
•  Measurements	  were	  logged	  every	  30	  minutes	  using	  the	  EM50G	  data	  logger	  
(Fig.	  4)	  and	  uploaded	  to	  a	  remote	  server	  managed	  by	  Decagon	  Devices.	  	  
•  Simultaneously	  precipita/on,	  humidity	  and	  air	  temperature	  data	  was	  
downloaded	  from	  Clemson	  University’s	  Entomology	  weather	  sta/on.	  
•  Data	  was	  analyzed	  using	  the	  Analysis	  of	  Variance	  (ANOVA)	  with	  SAS	  
soZware	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ObjecPves	   Soil	  temperature	  and	  VMC	  (%)	  –	  Table	  1	  
•  Average	  daily	  soil	  temperature	  significantly	  differed	  among	  port	  
distances	  from	  the	  sidewalk	  (p=	  0.0005).	  
•  The	  highest	  average	  daily	  soil	  temperature	  	  was	  recorded	  at	  15	  cm	  while	  
the	  lowest	  was	  recorded	  at	  60	  cm.	  
•  Average	  daily	  average	  VMC	  significantly	  differed	  among	  port	  distances	  
from	  the	  sidewalk	  (p<0.0001).	  	  
•  The	  highest	  average	  daily	  VMC	  was	  	  recorded	  at	  45	  cm	  while	  the	  lowest	  	  
VMC	  was	  recorded	  at	  15	  cm	  
•  Those	  results	  suggests	  that	  the	  proximity	  to	  the	  sidewalk	  has	  an	  influence	  
on	  the	  soil	  temperature	  and	  moisture.	  
Impact	  of	  extreme	  rainfall	  on	  VMC	  (%)	  –	  Fig.	  5	  
•  As	  precipita/on	  increases,	  there	  is	  an	  increase	  in	  soil	  water	  content.	  	  
•  Extreme	  rainfall	  events	  increases	  the	  soil	  VMC	  (%)	  at	  each	  distance	  
•  The	  highest	  VMC	  (%)	  was	  recorded	  at	  45	  cm	  aZer	  an	  extreme	  rainfall	  
event.	  
•  VMC	  (%)	  at	  each	  distance	  gradually	  reduces	  at	  the	  end	  of	  the	  dry	  down	  
cycle.	  
Impact	  of	  air	  temperature	  on	  soil	  temperature	  –	  Fig.	  6	  
•  There	  is	  a	  posi/ve	  correla/on	  between	  the	  soil	  temperature	  and	  air	  
temperature.	  
•  There	  is	  a	  similar	  paaern	  between	  air	  temperature	  values	  and	  soil	  
temperature	  values.	  
•  Regardless	  of	  the	  minimal	  varia/on	  between	  the	  different	  distances	  away	  
from	  the	  sidewalk,	  there	  seems	  to	  be	  a	  paaern	  of	  the	  closer	  the	  sensor,	  
the	  more	  similar	  to	  ambient	  air	  temperatures.	  
Anecdotal	   observa/ons	   suggest	   that	   impervious	   surfaces	   influence	   water	  
content	   and	   temperature	   in	   surrounding	   soil	   and	   subsequently	   may	   affect	  
plant	   quality.	   A	   study	   was	   conducted	   using	   GS3	   soil	   moisture	   sensors	  
(Decagon	   Devices,	   Pullman,	   Washington)	   in	   the	   Sustainable	   Demonstra/on	  
Garden	   at	   Clemson	   University	   to	   measure	   the	   effect	   of	   sidewalks	   on	   soil	  
moisture	  and	  temperature.	  Three	  reps	  of	  soil	  sensors	  were	  installed	  at	  15,	  30,	  
45	  and	  60	  cm	  increments	  from	  the	  sidewalk,	  at	  a	  depth	  of	  10	  cm	  into	  the	  soil	  
on	  August	  9,	  2013,	  and	  moved	   in	   two	  month	   intervals	  on	  October	  17,	  2013	  
and	   January	   23,	   2014,	   for	   a	   total	   of	   three	   trials.	  Measurements	   are	   logged	  
every	  30	  minutes	  using	  EM50G	  data	  loggers	  (Decagon	  Devices).	  Weather	  data	  
was	  organized	  from	  the	  Clemson	  University	  Entomology	  Weather	  Sta/on.	  We	  
hypothesize	   that	   the	   condi/ons	   near	   the	   sidewalk	   would	   have	   lower	   soil	  
moisture	   content	   and	   temperatures	   than	   sensors	   placed	   at	   further.	   The	  
findings	   from	   this	   study	   will	   allow	   growers	   to	   manage	   landscapes	   more	  
sustainably	   by	   improved	   irriga/on	   prac/ces,	   plant	   selec/on	   and	   placement.	  
Analysis	  of	  variance	  (ANOVA)	  was	   	  used	  to	  compare	  the	  difference	  between	  
treatments.	  Data	  was	  analyzed	  using	  the	  SAS	  soZware	  (SAS,	  Cary,	  NC).	   Impact	  Extreme	  Air	  Temp.	  on	  Soil	  Temp.	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Fig.	  1	  A	  close	  up	  of	  the	  GS3	  soil	  sensor	  
	  Fig.	  2	  Sensors	  were	  installed	  at	  15	  cm	  
increments	  from	  the	  sidewalk	  
Fig.	  3	  Trial	  1	  sensor	  installa/on	  
Fig.	  4	  Data	  logged	  every	  30	  min	  using	  an	  EM50G	  
data	  logger	  
Fig.	  5a	  Change	  in	  VMC	  (%)	  during	  an	  extreme	  rainfall	  event	  (Event	  1)	  	  	  
Fig.	  5b	  Change	  in	  VMC	  (%)	  during	  an	  extreme	  rainfall	  event	  (Event	  2)	  	  	  
2	   3	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IntroducPon	  
•  Soil	  environmental	  monitoring	  sensors	  are	  valuable	  tools	  used	  to	  
determine	  soil	  moisture	  content,	  temperature,	  and/or	  electrical	  
conduc/vity	  (EC)	  in	  landscape,	  nursery	  and	  agricultural	  management.	  	  
•  Soil	  sensors	  provide	  important	  informa/on	  to	  growers	  so	  they	  can	  make	  
the	  best	  management	  decisions	  including	  plant	  material	  selec/on	  and	  
irriga/on	  prac/ces.	  	  
•  Previous	  research	  has	  been	  conducted	  using	  soil	  environmental	  monitoring	  
sensors	  to	  assist	  in	  irriga/on	  management	  in	  greenhouse	  produc/on,	  
sports	  fields,	  golf	  courses,	  and	  residen/al	  landscapes.	  	  
•  Anecdotal	  observa/ons	  suggest	  that	  many	  plant	  species	  do	  not	  perform	  
well	  close	  to	  concrete	  sidewalks.	  It	  is	  oZen	  assumed	  that	  heat	  from	  the	  
sidewalk	  results	  in	  warmer	  and	  drier	  soil	  environments	  not	  op/mal	  for	  
plant	  growth.	  
1)  Determine	  if	  proximity	  to	  the	  sidewalk	  influences	  soil	  temperature	  and	  
moisture.	  
2)  Determine	  if	  soil	  temperature	  influences	  soil	  moisture	  with	  proximity	  to	  
sidewalk.	  
3)  Characterize	  diurnal	  rates	  of	  change	  in	  soil	  temperature	  and	  soil	  moisture.	  
4)  Determine	  the	  impact	  of	  typical	  and	  extreme	  air	  temperatures	  and	  rainfall	  
on	  soil	  temperature	  and	  soil	  moisture	  with	  proximity	  to	  sidewalk.	  
Soil	  Temperature	  (C)	  and	  VMC	  (%)	  
Table	  	  1.	  Varia/on	  of	  average	  soil	  temperature	  (C)	  and	  Volumetric	  Moisture	  
Content	  (VMC)	  when	  move	  away	  from	  the	  sidewalk	  
Distance	   Average	  Soil	  Temperature	  (C)	  ±	  
SE	  
Average	  VMC	  (%)	  ±	  SE	  
15	  cm	   15.77	  ±	  0.11a	   37.73	  ±	  0.36a	  
30	  cm	   15.47	  ±	  0.09b	   39.34	  ±	  0.17b	  
45	  cm	   15.28	  ±	  0.10bc	   41.65	  ±	  0.34c	  
60	  cm	   15.16	  ±	  0.10c	   39.58	  ±	  0.31b	  
Means	  with	  the	  same	  leaer	  in	  a	  column	  do	  not	  significantly	  differ	  
with	  a	  significance	  level	  of	  0.05 
Impact	  of	  Extreme	  Rainfall	  on	  VMC	  (%)	  	  
5a	   5b	  
Fig.	  6a	  Influence	  of	  extreme	  air	  temperatures	  on	  soil	  temperature	  (Event	  1)	  	  
Fig.	  6b	  Influence	  of	  extreme	  air	  temperatures	  on	  soil	  temperature	  (Event	  2)	  	  
6a	   6b	  
